Abstract-The aim of the paper is to analyze electro-thermo nonlinear vibration of a double-piezoelectric composite microplatesystem (DPCMPS) based on nonlocal piezoelasticity theory. The two microplates are assumed to be connected by an enclosing elastic medium which is simulated by Pasternak foundation. Both of piezoelectric composite microplates are made of poly-vinylidene fluoride (PVDF) reinforced by zigzag double walled boron nitride nanotubes (DWBNNTs). The micro-electromechanical model is employed to calculate mechanical, thermal and electrical properties of composite. Differential quadrature method (DQM) is employed to solve the governing differential equations. The frequency ratio of DPCMPS is investigated for three typical vibrational states, namely, out-of-phase, in-phase and the case when one microplate is fixed in the DPCMPS. A detailed parametric study is conducted to scrutinize the influences of the small scale coefficient and stiffness of the internal elastic medium.
I. INTRODUCTION
ANOCOMPOSITES hold the promise of advances that exceed those achieved in recent decades in composite materials. The nanostructure created by a nanophase in polymer matrix represents a radical alternative to the structure of conventional polymer composites. These complex hybrid materials integrate the predominant surfaces of nanoparticles and the polymeric structure into a novel nanostructure, which produces critical fabrication and interface implementations leading to extraordinary properties [1] . In recent years, small scale effect in micro-and nanoapplications of beam, plate, and shell-type structures has been utilized on the basis of nonlocal elasticity theory which was initiated in the papers of Eringen [2] . Shen et al. [3] investigated nonlocal plate model for nonlinear vibration of single layer graphene sheets (SLGS) in thermal environments. Pradhan and Kumar [4] reported vibration analysis of orthotropic graphene sheets using nonlocal elasticity theory and DQM. Ghorbanpour et al. [5] studied Pasternak foundation effect on the axial and torsional waves propagation in the embedded double-walled carbon nanotubes (DWCNTs) using nonlocal elasticity cylindrical shell theory. The above studies on the nanostructures are on the basis of the nonlocal elasticity theory, which is not proper for a direct use in the piezoelectric materials. Recently, the Eringen's nonlocal elasticity theory was extended by Zhou et al. [6] for the piezoelectric materials. In the nonlocal piezoelectric materials, the stress state and the electric displacement at a given point are, respectively, as a function of the strain state and electric potential of all points in the body. Ke et al. [7] employed nonlocal piezoelasticity model to nonlinear vibration analyze of the piezoelectric nanobeams.
With respect to developmental works on mechanical behavior analysis of nano-and micro-plates, it should be noted that none of the researches mentioned above, have considered a coupled double-plate-system. Herein, Murmu and Adhikari [8] analyzed vibration of nonlocal double-nanoplate-system (NDNPS). Also, buckling behavior of the NDNPS was investigated by Murmu et al. [9] . Exact solution for nonlocal vibration of double-orthotropic nanoplates embedded in elastic medium was reported by Pouresmaeeli et al. [10] . The three papers have considered the Winkler model for simulation of elastic medium between two nanoplates. Recently, analysis of the coupled system of double-layered graphene sheets (CSDLGSs) embedded in a visco-Pasternak foundation is carried out by Ghorbanpour et al. [11] . To the best of our knowledge, none of the works in the literature have taken in to account the nonlinear terms in the governing equations for a coupled system. This study aims to consider nonlinear terms for vibration analysis of a DPCMPS in which two microplates are connected by an enclosing Pasternak foundation. None of the aforementioned studies have considered smart coupled structures while these structures may be used in mechanical behavior control of coupled micro-and nano-structures. Recently, Buckling analysis and smart control of SLGS using elastically coupled PVDF nanoplate using the nonlocal piezoelasticity were studied by Ghorbanpour et al. [12] .
However, to date, no report has been found in the literature on the vibration of an elastically coupled DPCMPS. Motivated by these considerations, in order to improve optimum design of smart microstructure, we aim to study the electro-thermo nonlinear nonlocal vibration of an elastically coupled DPCMPS. Herein, the two PVDF microplates reinforced by DWBNNTs are coupled by an enclosing Pasternak foundation. Considering the nonlinear strain-displacement relations and charge equation, the nonlinear governing equations are derived using energy method and Hamilton's principle. Hence, the DQM is presented to solve the nonlinear governing equations and estimate the frequency ratio of clamped supported DPCMPS. In present study, the influences of nonlocal parameter and elastic medium constants have been taken into account.
II. FORMULATION

A. Classical plate theory
Based on the classical plate theory (CPT) which satisfies Kirchhoff assumption, the strain equations in terms of the midplane displacements are derived as follows [13] 
B. Modeling of the problem
An elastically coupled DPCMPS having the length l , the width b and the thickness h , assuming that b l h , << , is shown in Fig. 1 . The origin of the Cartesian coordinate system is considered at one corner of the middle surface of the microplate. The x , y and z axes are taken along the length, width, and thickness of the microplates, respectively. The two microplates are made from PVDF and reinforced by DWBNNTs in x-direction so that both microplates are identical. The DPCMPS is subjected to uniform temperature change and polarized in x-direction. The two microplates are coupled by an elastic medium which is simulated by the Pasternak foundation. As is well known this foundation model is characterized by two parameters: the Winkler modulus w k and shear modulus g k . 
C. Constitutive equations for piezoelectric materials
In a piezoelectric material, application of an electric field to it will cause a strain proportional to the mechanical field strength, and vice versa. According to a piezoelectric microplate under electro-thermal loads, constitutive equations can be represented as [12] : .
Using approach adopted by Tan and Tong [14] in which they use representative volume element (RVE) based on micro-electro-mechanical models, the mechanical, thermal and electrical properties of the DPCMPS can be obtained from Ref. [14] .
D. 7 B Equations of motion
The governing differential equations of motion are derived using the Hamilton's principle which is given as [12] :
Where U δ is the virtual strain energy, V δ is the virtual work done by external applied forces and K δ is the virtual kinetic energy. With defining dimensionless parameters as follows . , , , 
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The dimensionless nonlinear nonlocal motion equations of DPCMPS can be written as (1) and (2) 
= W
). In mentioned case, the DPCMPS behaves as if upper microplate is embedded in Pasternak foundation.
In order to carry out the eigenvalue analysis, the domain and boundary points are separated and in vector forms they are denoted as {d} and {b}, respectively. Hence, the discretized form of the motion equations together with the boundary conditions can be expressed in matrix form using DQM as
K are the mass matrix, linear stiffness matrix and nonlinear stiffness matrix.
III. 2 B NUMERICAL RESULTS AND DISCUSSION
The final converged solution using the numerical procedure using DQM is illustrated as the influences of the elastic medium and nonlocal parameter on the frequency ratio of the DPCMPS. The frequency ratio is defined as
Where NL Ω and L Ω are the nonlinear and linear frequencies of the DPCMPS, respectively.
In order to show the effect of dimensionless coupling elastic medium between two piezoelectric composite microplates, the frequency ratio ( Fig. 3a-d for three different cases of vibration characteristic. In general, the frequency ratio decreases with increasing elastic medium constants. This is because increasing Winkler and Pasternak coefficients increases the system stiffness. The frequency ratio of cases 1 and 2 decreases with increasing elastic medium constants. Fig. 3 The effect of dimensionless coupling elastic medium on the frequency ratio versus the dimensionless maximum amplitude.
Furthermore,
L
NL Ω Ω / for case 2 is higher than case 1 because in case 2, the DPCMPS treats as a single piezoelectric composite microplate with the elastic foundation effect. Therefore, the stiffness of the system in case 2 is lower than case 1 and consequently, its frequency ratio is higher with respect to case 1. It is also worth mentioning that the frequency ratio of case 3 is independent of elastic medium stiffness. Fig. 4a-d demonstrates the effects of dimensionless nonlocal parameter ( * µ ) on the frequency ratio versus the dimensionless maximum amplitude for three cases of out-of-phase vibration, vibration with one microplate fixed and in-phase vibration. It should be noted that the nonlocal parameter 0 * = µ corresponds to the classical microplate without the nonlocal effect. As can be seen, the frequency ratio for the case of inphase vibration is higher than cases of out-of-phase vibration and one microplate fixed. The higher frequency ratio for inphase vibration is due to the absence of coupling effect of the spring's foundation between the two piezoelectric composite microplates. It is also concluded that the small scale effect in the case of in-phase vibration is higher than that in the out-ofphase vibration and one microplate fixed cases. Obviously, increasing the * µ increases the frequency ratio. This is due to the fact that the increase of nonlocal parameter decreases the interaction force between microplate atoms, and that leads to a softer structure.
IV. CONCLUSION
Vibration response of piezoelectric nano/micro composites has applications in designing many NEMS/MEMS devices such as hydraulic sensors and actuators. In the present study, electro-thermo nonlinear vibration of a double-piezoelectric composite microplate made of PVDF reinforced by DWBNNTs is investigated for three typical vibrational states, namely, out-of-phase, in-phase and the case when one microplate fixed. The internal elastic medium between two microplates is simulated as Pasternak foundation. Considering charge equation, the nonlinear motion equations are derived based on nonlocal piezoelasticity theory. The DQM is applied to obtain to the nonlinear frequency ratio of the DPCMPS so that the effects of the small scale coefficient and stiffness of the internal elastic medium are discussed. The results indicate that the effects of small scale parameter in the case of in-phase vibration is higher than that in the out-of-phase vibration and one microplate fixed cases. It is also worth mentioning that the frequency ratio of the in-phase vibration is independent of elastic medium stiffness.
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